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It was prepared under the National Program of Inspection of
Non-Fe3eral Dams.

This dam has been classified as unsafe, non-emergency by the
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1) Spillway will not pass 50 percent of the Probable

Maximum Flood.

2) Overtopping could result in dam failure.

3) Dam failure significantly increases the hazard to loss
of life downstream.
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PHASE I REPORT

NATIONAL DAM SAFETY PROGRAM

Name of Dam Wellington-Napoleon Watershed Structure C-21
State Located Missouri
County Located Lafayette CountyIStream Tributary to Missouri River
Dat~ of September 15, 1978

Ipection

I Wellington-Napoleon Watershed Structure C-21 was inspected by an
interdisciplinary team of engineers.f*erom Ne&kn-n-Wr---td~g~-~
Iaa. The purpose of the inspection was to make an assessment of the
general condition of the dam with respect to safety, based upon avail-
able data and visual inspection, in order to determine if the dam poses
hazards to human life or property.

The guidelines used in the assessment were furnished by the Depart-
ment of the Army, Office of the Chief of Engineers and developed with
the help of several Federal and State agencies, professional engineering
organizations, and private engineers. Based on these guidelines, this
dam is classified as a small size dam with a high downstream
hazard potential. Failure would threaten life and property. TheI estimated damage zone extends one mile downstream of the dam. Within
the first one-half mile downstream of the dam are four to five houses,
a r4jtsouri-Pacifi c railroad crossing and a Highway 24 crossing.

Our inspection and evaluation indicates that the spillways do not
meet the criteria set forth in the guidelines for a dam having the above
size and hazard potential. Because of the number of houses and the rail-
road and highway crossings within the first one-half mile downstream of
the dam the spillways should be capable of passing the probable maximum
flood without overtopping the dam and possibly causing failure of the
dam. The spillways will pass a 100-year flood (flood having a one
percent chance of being exceeded in any one year) without overtopping
the dam. The spillways will also pass 40% of the Probable Maximum
Flood without overtopping the dam. The Probable Maximum Flood (PMF) is
defined as the flood that may be expected from the most severe combination
of critical meteorologic and hydrologic conditions that are reasonably
possible in the region.

Seepage and stabiii. analyses comparable to the requirements of the
"Recommiended Guidelines fb r Safety Inspection of Das were not available,
which is considered a deficiency. These analyses should be obtained in
the future.

Other deficiencies visually observed by the inspection team were
several rather large rodent holes in the upstream slope, seepage out-
cropping in both left and right abutment/embankment groins approximately
eight feet above principal spillway outlet, and some erosion near the
outlet end of the emergency spillway.
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I.

Several items of preventive maintenance need to be initiated by the
owner. These are described in detail in the body of the report.

Ha~old P. Hoskins, P.E.
Hoskins-Western-Sonderegger, Inc.
Lincoln, Nebraska
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SECTION 1 - PROJECT INFORMATION

1.1 GENERAL

a. Authority. The National Dam Inspection Act, Public Law 92-367,
authorized the Secretary of the Army, through the Corps of
Engineers, to initiate a program of safety inspection of dams
throughout the United States. Pursuant to the above, the St.
Louis District, Corps of Engineers, District Engineer directed
that a safety inspection of Wellington-Napoleon Watershed
Structure C-21 be made.

b. Purpose of Inspection. The purpose of the inspection was to
make an assessment of the general condition of the dam with
respect to safety, based upon available data and visual in-
spection, in order to determine if the dam poses hazards to
human life or property.

c. Evaluation Criteria. Criteria used to evaluate the dam were
furnished by the Department of the Army, Office of the Chief
of Engineers, in "Recommended Guidelines for Safety Inspection
of Dams." These guidelines were developed with the help of
several Federal agencies and many State agencies, professional
engineering organizations, and private engineers.

1.2 DESCRIPTION OF PROJECT

a. Description of Dam and Appurtenances.

(1) The Wellington-Napoleon Watershed Structure C-21 is a
rolled earth fill approximately 465 feet in length with
maximum height of 37 feet. The dam is constructed in
the Missouri River loess hills.

(2) The principal spillway is uncontrolled and consists of a
reinforced concrete (RIO) riser with a 24 inch diameter
RIO pipe conduit outlet.

(3) The emergency spillway is a vegetated channel cut into
loess soils on the left (west) abutment. It has a bottom
width of 70 feet and side slopes of 3H on 1V.

b. Location. The dam is located in the northwestern portion of
Lafayette County, Missouri, as shown on Plate 2. The darn is
shown on Plate 1 in the SE 1/4 of Section 19 and the SW 1/4
of Section 18, T5ON, R28W. The lake formed by the dam is
shown on Plate I in the previously mentioned 1/4 sections as
well as the NW 1/4 of Section 29, T5ON, P28W.



c. Size Classification. Criteria for determining the size classi-
fication of dams and impoundments are presented in the guidelines
referenced in paragraph l.lc above. Based on these criteria,
this dam and impoundment is in the small size category.

d. Hazard Classification. Guidelines for detemnining hazard classi-
fication are presented in the same guidelines as referenced in
paragraph c above. Based on referenced guidelines, this dam is
in the High Hazard Classification. The estimated damage zone
extends one nvile downstream of the dam. Within the first
one-half mile downstream of the dam are four to five houses,
a Missouri-Pacific railroad crossing and a Highway 24 crossing.

e. Ownershio. The dam is owned by the Wellington-Napoleon ;'ater-
shed Subdistrict, 120 Iest 19th Street, Higginsville, MO 64037.
Attention: Chester Temple, Chairman.

f. Purpose of Dam. The dam was constructed as a grade stabiliza-
tion, sediment detention and flood water retarding structure.

g. Design and Construction History. The dam was constructed in
1969. The design ano. plans for construction were prepared by
the Soil Conservation Service (SCS), Columia, >issouri.
Portions of these data are included witn this report as
Appendix C.

h. Normal Operatino Procedure. There are no operating facilities
for this cam. The lake level is controlled by rainfall, runoff,
evaporation and the capacity of the spiliway.

1.3 PERTINENT DATA

a. Drainage Area - 333 acres (0.52 sq. mi.)

b. Discharge at Damsite.

(1) All discharge at the damsite is through an uncontrolled
reinforced concrete box drop inlet and reinforced concrete
pipe principal spillway and a grassed earth channel
ungated emergency spillway.

(2) Estimated maximum flood at damsite - unknown.

(3) The principal spillway capacity varies from, 0 c.f.s. at
elevation 758.0 feet to 56 c.f.s. at the crest of the
emergency spillway (760.5 feet).
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(4) The principal spillway capacity at maximum pool elevation
(763.6 feet) is 60 c.f.s. Maximum pool elevation is that
design value for freeboard pool level as furnished on
SCS as-built plans.

(5) The emergency spillway capacity at maximum pool elevation
is 1,000 c.f.s.

(6) The total spillway capacity at maximum pool elevation is
1,060 c.f.s.

c. Elevation (Feet Above M.S.L.).

(1) Top of dam - 765.0 (SCS plans) - 764.7 (survey 15 September
1978). The settled top of dam as planned by SCS is 763.6.

(2) Principal spillway crest - 758.0 (SCS plans) - 757.8
(survey 15 September 1978).

(3) Emergency spillway crest - 760.5 (SCS plans) - 760.5
(survey 15 September 1978).

(4) Streambed at center line of dam - 728t.

(5) Maximum tailwater - unknown.

d. Reservoir. Length of maximum pool - 3800 feet -.

e. Storage (Acre-feet).

(1) Top of dam - 297t.

(2) Emergency spillway crest - 196.

(3) Principal spillway crest - 150.

f. Reservoir Surface (Acres).

(1) Top of dam - 29t.

(2) Emergency spillway crest - 20.2.

(3) Principal spillway crest - 16.5.

g. Dam.

(1) Type - Earth embankment.

(2) Length - 465 feet -.

(3) Height - 37 feet +.

-3-



(4) Top width - 14 feet.

(5) Side Slopes.

(a) Downstream - 2.5H on IV.

(b) Upstream - 2.5H on IV with 20 foot berm at principal
spillway elevation.

(6) Zoning - None shown on the plans.

(7) Impervious Core - All embankment material reported to be
lean clay (CL) as shown in Appendix C.

(8) Cutoff - Plans show a cutoff varying in depth from 4 to
10 feet with 12 foot bottom width and side
slopes of 1H on IV.

(9) Grout Curtain - None.

(10) Drains - None.

(11) Wave Protection - Vegetated berm.

h. Diversion and Regulation - None.

i. Spillways.

(1) Principal.

(a) Type - Standard SCS 2' x 6' x 10' R/C drop inlet and
a 24-inch R/C pressure pipe.

(b) Length of weir - 12 feet (2 x 6')

(c) Crest elevation - 758.0 feet M.S.L.

(2) Emergency.

(a) Type - Standard SCS grassed earth channel.

(b) Control section - 70 foot bottom width, 3:1 side
slopes, 30 feet length.

(c) Crest elevation - 760.5 feet M.S.L.

(d) Upstream channel - clear and well grassed (tall).

(e) Downstream - clear and well grassed (tall).

j. Regulating Outlets - None.

-4-



SECTION 2 - ENGINEERING DATA

2.1 DESIGN

Data on the geologic investigation, hydraulic/hydrologic computa-
tions, construction plans, and the soil mechanics/soil engineering
report were supplied by the Soil Conservation Service, Columbia,
Missouri. This information is shown in Appendix C and Appendix D.

2.2 CONSTRUCTION

No construction data were readily available; however, it is reported
that the dam was constructed with SCS engineering supervision and
standard inspection and quality control procedures.

2.3 OPERATION

No information was available on the maximum loading on the dam.

All spillways are uncontrolled.

2.4 EVALUATION

a. Availability. The engineering data shown in Appendix C was
readily available from the SCS, Columbia, Missouri.

b. Adequacy. The available data and reported information are
considered adequate to assess the design and stability of the
structure. Seepage and stability analyses comparable to the
requirements of the "Recommiended Guidelines for Safety
Inspection of Dams" were not available which is considered
a deficiency. These seepage and stability analyses should
be performed for appropriate loading conditions (including

earthquake loads) and made a matter of record.

c. Validity. The available data and analyses conform with
accepted practice. Parameters for embankment strength were
based upon conservative values obtained from detailed testing
of similar (loess) materials used to construct similar embank-
ments in the same watershed.



SECTION 3 -VISUAL INSPECTION

3.1 FINDINGS

a. General. A visual inspection of Wellington-Napoleon Watershed
Structure C-21 was made on September 15, 1978. Engineers from
Hoskins-Western-Sonderegger, Inc., Lincoln, Nebraska making
the inspection were: Rey S. Decker, Geology and Soil Mechanics;
Garold Ulmer, Civil Engineer; Richard Walker and Gordon Jamison,
Hydrology. Results of the inspection are summuarized below.
Photographs are shown in Appendix B.

b. Dami. Rough measurements of the profile along the crest of
te~i dam and emergency spillway and cross sections of the
embankment and spillway indicate that the structure was
constructed according to the plans shown in Appendix C.

The dam is covered with an excellent growth of adapted grasses
and legumes.

No cracks, slides or abnormial defor'mations were noted on the
embankment or abutments.

No significant erosion was noted on the upstream face of the
dam. However, several rather large rodent holes were observed
on the upstream slope.

Surface materials in the dam and abutments consist of lean
clays (CL).

A very wet area was noted in the west abutment/embankment groin
downstream from about Qstation 3+75. Seepage in this area was
outcropping at about elevation 750 which is some 8 feet above
the elevation of the principal spillway outlet conduit. Seep-
age was also noted in the right abutment groin at about the
same elevation as on the right abutment. Seepage in both
abutments seemed to be ponded in the heavy vegetative cover
and appeared to be clear.

c. Project Geology. See Appendix C for geology report.

d. Appurtenant Structures.

(1) Principal Spillway. The concrete in the spillway appears
to be in good condition. The lake level was 0.2 foot
below the spillway crest elevation at the time of the
inspection.

(2) Emergency Spillway. The emergency spillway is well
vegetated with brome grass and vetch. It looked very
good with no evidence of erosion in the bottom or side
sl1opes.

-6-



Same gully headcutting was noted at the outlet end of the
diversion along the west (left) side of the spillway.

d. Reservoir Area. No wave wash, excessive erosion or slides
were observed along the shoreline of the reservoir.

e. Downstreami Channel. The channel downstream from the emergency
spillway is overgrown with trees and brush. However, spillway
discharges from this dam are collected in the reservoir just
downstream from this structure.

3.2 EVALUATION

None of the conditions observed indicate a need for immediate
remedial action. Additional studies would be required to
evaluate the affects of seepage on the stability of the structure.
Erosion at the outlet of the west spillway diversion could
encroach on the emergency spillway if left uncontrolled. Trees
in the channel downstream from the emergency spillway should not
affect the operation of the spillway. The discharges from this
dam are impounded by a downstream reservoir in which high water
levels will almost impinge upon the downstream toe of this

structure.

-7-



SECTION 4 - OPERATIONAL PROCEDURES

4.1 PROCEDURES

The pool level is controlled by rainfall, runoff, evaporation and

capacity of the uncontrolled spillways.

4.2 MAINTENANCE OF DAM

The dam is reasonably well maintained. Action should be taken to
correct the minor deficiencies noted in Sections 3 and 7.2.

4.3 MAINTENANCE OF OPERATING FACILITIES

There are no operating facilities at this dam.

4.4 DESCRIPTION OF WARNING SYSTEM IN EFFECT

The inspection team is not aware of any existing warning system
for this dam.

4.5 EVALUATION

The dam and appurtenances appear to be well maintained with the
exception of some laxity in controlling erosion near the outlet
of the emergency spillway.

-8-



SECTION 5 - HYDRAULIC/HYDROLOGIC

5.1 EVALUATION OF FEATURES

a. Design Data. Detailed plans for the structure were furnished
by the SCS. Pertinent hydraulic and hydrologic data which
were taken from as-built plans furnished by the SCS are
tabulated in Sections 1, 1.3 and in Appendix 0 as hydrologic
computations. The supporting computations are attached.

b. Experience Data. The drainage area, reservoir water surface
areas, and elevation-storage data were taken from the SCS as-
built plans. The hydraulic computations for the spillway
discharge ratings were based on data taken from the as-built
plans. The hydraulic computations for the dam overtopping
rating were based on data collected during the field inspec-
tion in order to reflect settled conditions.

c. Visual Observations.

j (1) Principal and emergency spillways are in good condition.

(2) The emergency spillway does not appear to have ever been
used.

(3) The emergency spillway and exit channel are in the left
hillside at the end of the dam. Spillway use should not
endanger the integrity of the dam.

d. Overtopping Potential. The spillways are too small to pass
50% of the probable maximum flood without overtopping. The
spillways will pass 40% of the PMF without overtopping. The
100-year (I percent) peak outflow discharge is approximately
37% of spillway capacity. The results of the routing through
the reservoir are tabulated in regards to the following
condi ti ons.

Peak Peak Freeboard Time
Inflow Outflow Maximum Top of Dam Dam

Discharge Discharge Pool Min. Elev. Overtopping
Frequency c.f.s. c.f.s. Elevation 763.4 Hrs.

100-Year 690 360 762.0 +1.4 -

1/2 PMF 1630 1290 764.0 -0.6 1.0
PMF 3310 3200 765.3 -1.9 3.8

0.40 PMF 1290 970 763.4 0 -

-9



According to the recommnended guidelines from the Department of
the Amy, Office of the Chief of Engineers, this dam is
classified as having a high hazard rating and a small size.
Therefore, the PMF is the test for the adequacy of the dam
and its spillways.

The St. Louis District, Corps of Engineers, in a letter dated
11 August, 1978 has estimated the damage zone as extending
one mile downstream from the dam. Within the damage zone
are four to five houses, one railroad crossing and one State
Highway crossing.

110



SECTION 6 - STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY

a. Visual Observations. Minor maintenance features that could
affect the long timie safety of the damn are discussed in
Section 3.2. Additional studies are required to evaluate
the affects of seepage in the downstream abutment groins
upon structural stability of the dam.

Hydraulic/Hydrologic analyses presented in Section 5 indicate
that the dam will be overtopped by the probable maximum flood.
Under those conditions, water would flow over the top of the
dam to a depth of 1.9 feet ± for about 3.8 hours.

b. Design and Construction Data. The engineering data, analyses,
and plans supplied by the SCS conform with accepted practice
and are considered adequate to assess the structural stability
of the dam.

There is no reason to question the adequacy of construction
supervision and quality control.

c. Operating Records. There are no appurtenant structures that
require operational functions.

d. Post Construction Changes. The inspection party is not aware
of any post construction changes.

e. Seismic Stability. This damn is located in the Zone I seismic
probability classification area. An earthquake of this mag-
nitude is not expected to cause structural failure of this dam.



SECTION 7 -ASSESSMENT/REMEDIAL MEASURES

7.1 DAM ASSESSMENT

a. Safety. The probable maximum flood (PMF) will overtop the
dam, however, the spillways are adequate to pass the flood
resulting from 40% of the PMF without overtopping. Seepage
observed at the downstream toe could affect the long-time
stability of the structure. Rodent holes on the upstream
slope could lead to potential of failure if left uncontrolled.

b. Adequacy of Information. The information presented in this
report is considere 4 adequate to assess the safety of the
structure. Seepage analysis were not found, which is a
deficiency that should be corrected in the future.

c. Urgency. There does not appear to be an immediate urgency
to accomplish the remedial measures discussed in Paragraph
7.2.

d. Necessity for Phase II. Phase II investigations are not
considered necessary for this dam.

e. Seismic Stability. An earthquake of the magnitude to be
expected in this area should not be hazardous to this structure.

7.2 REMEDIAL MEASURES

a. Alternatives.

(1) The size of the present emergency spillway should be
enlarged or a supplemental spillway constructed on the
right abutment to pass the probable maximum flood
without overtopping the dam.

(2) Additional analyses should be made to assess the affects
of seepage on the stability of the structure.

(3) The owner should engage the services of an engineer
experienced in the design of dams to design an adequate
spillway system and to evaluate the affects of seepage
on the structural stability of the dam.

b. 0 & M Maintenance and Procedures.

(1) A program of regular inspection and maintenance should be
initiated. The program should include measures to repair
and control rodent holes and to control future tree growth
(none observed at this time) on the embankment and to
evaluate the progress and possible future affects of gully
erosion near the outlet of the present emergency spillway.
The grass on the embankment should be routinely mowed to
enable early detection of rodent holes.
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APPENDIX C
PLANS AND REPORTS



Note: Reproductions of plans and reports included in Appendix C
are the best possible from copy furnished by Soil Conservation
Service. Unreadable portions on the reproduced sheets are also
unreadable on sheets from which the copies were made.
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UNITED STATES GOVERNMENrT

Memorandum
TO : James M. Dale, State Conservation Engineer, DATE: October 28, 1966

SCS, Columbia, Missouri 65201

FROM Roland B. Phillips, Acting Head, Soil Mechanics Laboratory,

SCS, Lincoln, Nebraska 68508

SUBJECT: FJG 22-5, Missouri WP-08, Wellington-Napoleon, Site No. C-21 (Lafayette Co.)

ATTACHMENTS

1. Form SCS-354, Soil Mechanics Laboratory Data, 4 sheets.

2. Form SCS-127, Soil Permeability, 2 sheet.
Form SCS-128, Consolidation Test, 5 sheets.
Form SCS-128A, Log Time Consolidation, 3 sheets.

3. Form SCS-355A, Triaxial Shear Test, 1 sheet.
4. Form SCS-352, Compac-tion and Penetration Resistance, 4 sheets.
5. Form SCS-357, Summary - Slope Stability Analysis, 2 sheets.
6. Investigational Plans and Profiles.

REVIEW AND =PRETATION OF DATA

FOUNDATION MAT=IALS

A. Classification: The site consists of Loess in the abutments that classes
as CL and alluvium in the valley bottom that classes as CL and ML with
some deep sands. There is a CH at about a 30 ft depth.

An area of organic silt as thick as 20 ft is noted from the channel
toward the left abutment.

B. Dry Unit Weight (Blow Count): Four undisturbed core samnles were sub-
mitted. Three were from the surface ML and CL alluvium and ranted in
dry unit weight from 1.37 g/cc to 1.56 g/cc with blow count from 2 to
5 blows per foot. One was from the deeper organic silts and ranged

from 1.07 g/cc to 1.08 g/cc but at 14 blows per foot.

All the blow counts ranged from 2 to 11 blows per foot in the alluvium,
from 9 to 20 blows per foot in the organic silt and from 18 to 20 blows
below those silts.

C. Consolidation: Consolidation tests were made on the CL sample 67W326

from a 10 ft to 11 ft depth and on the ML (organic silt) sample 67W323
from a 22 ft to 23 ft depth.

The CL was at an initial density of 1.47 g/cc and a consolidation potential
of abou' .025 ft/ft is indicated under the fill at floodplain level.

WHOM-



2 -- James M. Dale -- 10/28/66

Roland B. Phillips
Subj: ENG 22-5, Missouri WP-08, Wellington-Napoleon, Site No. C-21

The ML was at a density of 1.18 g/cc and a consolidation potential of
about .020 ft/ft is indicated. The potential would be very high under
a high fill. The sample may have been slightly disturbed in sampling
so its potential is actually assumed as .015 ft/ft. This indicates a
total foundation consolidation of 0.65 ft at Station 4+50. A maximum
horizontal strain of .007 ft/ft is ccmpu ted with b = 200 ft, h = 36 ft,
and d = 32 ft for the 2 1/2:1 slopes ana 10 ft berm as proposed.

D. Permeability: Rates were determined for the CL and the organic ML
during consclidation. They are K = .024 ft/day for CL and K = .0035 ft/day
for the ML. These rates were obtained by extrapolating values found
after consolidation to the in-place density of tie_ sampled materials.

Rates for the sands will be higher. The SP may correlate to the SP-SM
from sites No. B-21 and C-22 for which rates of K = 10.0 ft/day were
estimated.

E. Shear Stren th: A consolidated, undrained triaxial shear test on the
CL sample, bTW326 (301-9), yielded shear parameters of 1 1, c = 750
psf at a test density of 1.49 g/cc. This is considered to be a limiting
foundation strength.

EMBANKAENT MATERIALS

A. Classification: Borrow samples submitted all class as CL though surface
materials are more silty.

B. Compacted Dry Densities: Standard Proctor compaction tests, (ASTf4 D-693-A)
yielded maximum dry densities from 103.0 pcf to 105.0 pcf.

C. Permeability: No tests were made. Based on classification, compacted
materials will have low permeability rates.

D. Shear Strength: Shear strength for the embankment CL materials is
correlated to like materials from sites B-21 and C-23 with 0 = 0,
c = 1150 psf for the most plastic and 0 = 170, c = 925 psf for the
less plastic material.

E. Consolidation: No tests were made. Based on the classification of
materials residual settlement within the fill should not exceed 2 1/2%
of the fill height.
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Roland B. Phillips
Subj: ENG 22-5, Missouri WP-08, Wellington-Napoleon, Site No. C-21

SLOPE STABILITY ANALYSIS

Slopes stability was checked by a circular failure method both for a 35.3
ft embankment only and for 23 ft of foundation. The :ost critical case
was found for failure through the foundation but a minimum upstream safety
factor of 1.67 was computed for the 2 1/2:1 slope under full drawdoun
effects. This is a very rigorous analysis and the results indicate the
2 1/2:1 slopes are satisfactory.

SETFLZET STRA2I1S

Settlement strains should not cause high differentials if steep banks are
sloped to 3:1 or flatter and no soft material is left under the fill.

CONCLUSIONS A(D RECC14KIDATIONS

A. Cutoff: A shallow cutoff trench (3 ft - 6 ft) is recommended to inter-
cept the surface XL and any surface disturbances such as root holes and
animal burrows.

Backfill with CL placed at 95% of standard.

B. Principal Spillway: The pipe cradle can be set on relatively firm
silty CL without over excavation. The trench should have a wide bottom
and 3:1 side slopes or flatter.

SBackfill at high density near the pipe but feather out away from it to
fit the 95% of standard used in the fill.

Base pipe joints on a maximum horizontal strain of .007 ft/ft.

Use = 25* for conduit loading computations.

C. Drainage: Drainage is not needed for slope stability. It is not
recommended.

D. Embanknent Design: Provide a homogeneous fill of the available CL
borrow placed at 95% of standard density. Control moisture at two
percentage points below optimum to three above.

Use 2 1/2:1 slopes with the proposed 10 ft upstream berm at about
elevation 75 0.

Provide overfill of 1.4 ft from t Station 4+00 to 5+50 to compensate for
residual settlement of 0.65 ft in the foundation and-0.75 ft within the fill.

cc:
James M. Dale (2) E. S. Alling
Gerald McElhiney D. S. McVicker



III

I- v

It~

Ii I I_

e". -4



t, I I I I

. j ~ ! I - -__________

7j__~T_

_ _ _ I Lm
cm N42

cjtfj

In

Iz



V I t::z~-'-t -f I I

I ______

--- 1-
1 -- 4 _______________________

___ j i 1

-- - r I~I~i '1
- - - - _ _ I I

I - -H-~ I - - - - -a- __

-~ ~ I I~~I - .-- i -

tHKH-----_____~~1l1.1~I~iI1I4 - - _____

.-.- - _ _
- f - - - -~-.--- - i- ~

j-i 
I- 

I'

.~3 ~'~~~1 I
z±i ___

2>

1~~*~ - -
N/__

- V

I k

* -- o a a
-~ -'
- C .4,

- ~1.
5 -i

- t

z
___ -- I- -_47kL~: ~~ztz:I_

7 -

.-



2 
-

_ 
-

- -:- '---- K -

-_ 
I

!-

. ,'I 

'
_ 

_| .- - -7



LASCRA!-Ry N,:

I LATE H L A 1 U. S. DE:PARTM~ENT of AGRICULTURE<C N O IA INTS
I TESTING HI111EPO1i~ SOIL CONSERN'kACtN SERVICE C N O IA INT S

FIELD SAMPLE NO. DEPTH, G. EOLOG4C ORIGNe

TYP VsA.MPLE TESTED AT APPROVED BY A7

CLASSIFICAIO.N /*LTEST SPECIFiCAT IONS1

G~ L L "17 PI /2 , ' a ' 7

INITIAL DENSITY -fd7

INITIAL VOID RATIO, e0  C,
COMPRESSION INDEX, Cc g

o 0.1 .0101

o.B~ ~ ~ ~ ~~~~~~~~~~ t . _______________________

I~ ~~> --------- _ __ __

I -:77

0

.1 0~2 O3 0A 0s 1.0 zo s0 '0 50 10 20 30 4 so 100

I REMARKSCONSOL lDATING PRESSURE .SI



P , St$8A 
• LAS. ACAY -

,MATERIALS U.S. DEPARTM INT of AGI;1UCTCI'r.E1 LOG TIME
TESTING REPORT SOIL CONSERVATION SERVICE1 CONSOLI DATION
PROJECT a. SrE $AMPLE LOCAT;CN

FI LD SA 'PLE NO. OEPTH GEOLOGIC ;:N

-~ - , ' - - GEO1 _ " _I . G.I

TYPE F SMPE T S E ATAPPROVED By D0ATE_ _ _ __ _

k I

I !I l i] i i *i'

; 

-

<I 0
Ij

-J ], -. ,- ,. - -

,it; i : i I '

j Iu

'i ' Ii IIi  LU;

'I. , IX . ,

IiI .- --...-..- ,,"..-.-JC

I':

j j
II 1 J

_____ ____ ___ -----.- r,



MATER~IALS LT. S. DETARTMENT of AGRICULTURE I LO0G T I
T I"STI N( . I EI~1,1Tj SOIL CONSERVATION SERVICEJ C NSdOT LI DATION
PROJECT wo V7ATE SAMPLE LOCATION

FIELD SAMPLE NO, DEPTH GEOLCO;C ORION,

TYPE OFP SAMALE TESTED AT APPROVED BY DATE

0001B

w --.. _______.

. - -.------- i---. - __2

IIL

00a P

Cu) NCV8III



.11AT EIZI ALS IU. S. DEPARTMENT of AGRZICULTURE LO0G TM
TESTING 1IEPORT~ SOIL CONSEIZVATION SEIZVICE f CONSOLIDTO
PROJECT cm STATE SML OA,.

FIELD SAMPLE NO GELOI ORIGIN1.L~

T YPE F SA P LE ESTE D AT APPROVE O Y DATE

Ix'

I I __________

~I -.- - -. ----. ooc

-J

/'or
-L IA:ilI 1  rIIl J

v -r

L~LJ



MATERIALS U. S. DEPARTMENT of AGR[CULTURE S T
TESTING EPoIT SOIL PERMEABILRTY
PROJECT TAd TTE SAMLE LOCAICN

FIELD SAMPLE No. OEPTH , / GEOLOGIC ORGN
_ 301-0,i /0 - 1- 11

TYPE OF SA.%4PLE j TESTED AT APPROVED BY DATE

CLASSIFICATION S E F G AI

LL -__PI_ SPECIFIC GRAVITY

TEST NO 4 , 4 4

INITIAL MOISTURE %o __ IG ' Gs __
)

_
4

CRY DENSITY " . I I G!(8ui)(*

VOID RATIO 10.7,0/ l .7 b; &0. 7:. i TEST SPECIFiCATIOnS

PERMEAB!LITY COEF V 4 C.- ; l 0 0 'a 71 C.

PERCOLATION COEF T,.

H/L DURING TEST

s - - ,"-'

- I . ' ! -+
_ _ '_ , -j , , i

c~~i -~r '*-H--- -I-T 7.__
0.701.,r ,-

_ _ _---.-_--__.-__ _ I - . ..*;

P B , ( k)

-- I + tH!l r - - -

0 .0t"', , 0

REMARK<S

ma n l ' i 7i:



tv. SCI ..'a
V-64LABORATOkY NO)

MATERI1ALS 1U.S. DEPATMENT of ACRICULTUR E CONSOLIDATION T S
TESTING REPOR~T SOIL CONSERVATION SERVICEI

*PROjECT am STATE SAMPLE LOCATION

.f/ - 4" c-e ^ l 7"'t F1/ ' 4m e/., v
FIELD SAMPLE NQ OEPTM GE G ORGI

TYPE OF S.I..Ip TESTED AT A E YDT

CLASSIFICATION TEST___SPECIFICATIONS:___

Gs I LL __ _ _ P1 __

INITIAL DENSITY Yd /

INITIAL VOID RATIO, e0 /o ~
COMPRESSION INDEX. Cc ___________________________

0.1 [.0 10 100

4:

0 1 f

w a-

-H4

0.1 02 01 403 1.0 20 30 .0 5D to 20 30 40 50 100

CONSOLIDATING PRESSURE

REMARKS



MATERIALS U. S. D1 RMIENT of AGRICULTUR", LOG T"IIME
TESTING IWPDIITi SOIL CONSERIVATION SER1VICEi CONSOLIDATIION
PROJECT cri STATE SAMPL.E LOCATION~

NAP/ena r -. 21 '4"~~v

FIL AML 4, I j IPA OI

L6I t

0,I

LIJ t

00

I~ a. 
10

CU!) SNIOV36 IVIa ____
-'a



MATERIALS U. S. DEPARTMEXT of AGIICULTUREI LO0G T1 -%IMrE
TESTING HZEPORTj SOIL CONSE11VATION SERVICE1 CONSOLI DAT-ION
PROA~CT a, ST-%-E SAMPL.E LOCATZcd

FIELD SAMPLE N3. DEPTH GEOLOGiC ORIGN4

___ __ (4:__ -' 4U - b A7C 7DT

0009

00Il

000j
owef

in'

(n)

a I

NO ) NIGV3N IVIC



- '

. ~~LABORATORY N.O ___

M1ATEIHIA LS L'.S. Dr*PARTMIENT o-* AGRICULTURE
T .\I"~EPOIIITjSOIL ,.S: SEIW.TIoN IR[CC E SOIL PERMEABILITYTESTIING; REl 0i,;l '' i SOIL CON FI°'INSER{\'ICE I, ,

PR04ECT -a STATE SAMPLELOCATION

FIELD SAPL NO DET C ORGI

LL __P1 _TEST N I I3 I GG(-)'0 ,c 'p

VOiD RATIO I.UNzol 1.//77 . oP'l, TEST SPECIFICATIONS

PERMEABILITY CCE:, t.oos ,27 .L
PERCOLATION COEF I _

TE DURING TEST 4 GINITIAL MOIST , % G,- (1-),-"-

r---t _______-_ ' :

DRY ' DE ST a, q/, G,,u + ,4

P .R_,ATIO __ ___

_____ l:'I '_" __

HI~

p It

," 1.10 :- -"-, "____, I I

I -I .1

I-o s

PERMEABLITY COEF (k) F W '.:

REMARKS

" E .. . .



Fo~ SCS 3,5'A / .. /

.Fta, S6 , LABORATORY Sirf MATERI ALS U. S. DEPARTMIENT of AGICULTUR~E TRIAXIAL SHEAR TEST'
TESTIN( 1ZEPO1,TiSO!L CONSEh\'TION S'IERICE

PROACT o.4 STa tATE SAMPLE LOCATION

FIELD SAMPILC NO. CEPTN GEC~OLOGIC 3RI~lNS - -s / :, -'/..5 " I _________________

TYPE OF SAMPLE TESTED AT IAPPROVED BY DATE
¢/...-,-, # . . . . .- / .... 1' !

INDEX TEST DATA SPECIMEN DATA TYPE OF

USCS Z/ LL ,_____ Pl ,_-__ HEIGHT Df . IAMETER /. f" TEST

% FINER (mm): 0.002 / 0.005 MATERIALS TESTED PASSED *' SIEVE UU -

0.074 (' 200) METHOD OF PREPARATION u ' "

Gs (-4) _2 --- . Gs 4) '_ i.. '. .. ... ".. ... '

STANOARD: Yd MAX. Pcf; wo  % MOLDING MOISTURE _%

MODIFIED: "d MAX.. . pcf, wo__ % MOLDED AT % OF d %AX;,Vl UM

DRY DENSiTY I MO.STURE CONTENT, % TiME OF MINOR }DEVIATOR AX:AL

INITIAL CONSOL;- START ;EG. F SAT END CONSOLl- PRiNCIPAL' STRESS STRA,\ ,AT'

pcf - DATD OF AT START OF DATION STRESS Or -. FAILURE,

gcc / TEST OF TEST TEST (hrs.) a3 (psi) (psi) E i%)

_ _. _" I/ :- _ _ _ _ _ _ _ . :-, i/ "-" "" _ - ' . ....,v 1
t, .'' , /I..-' ___i _ I .' " . I'*. : -." ' ' ' " I . -A , ,- 'z . - -1 717 77

,__ - -.____ '___ [ ' :: __________ __________ :: __ ."____" "__" I - ' " ______" ___" __/ [ " I " .

DEVIATOR STRESS (o' -a), psi

00 :.2.0 .... - ?,."_ V ....... . .... ... ........ .
. . .. .. .........

_ .u~~.. ,. . . . . .- i-- .. . ... \... -- '- . . ..2 .... .2...... . .. ..
Z 6 :... . .' ......... .. . . .. - .. . T , " . . . . ..... . -7. .. . . . .

. . ... , - _ _ -* _ _ _ _ _, _ -- A- - . .-... . ... . _ _... . . .. . .

--- _-- _- _____. . . ..___-___-___, k -''- -- - . . .. -.~ . . .. - .- . .. . . . . . . .
'< .. . .[.. ... . . . . . '- - ' -'] ' ... - . . -.-.. .. . . . . . . . . . .

U. ' -'1" " " " f-. . .- ,. .. .

.....*~~* 'T:5.T-. : z- .. . -. ----- "-2.,.. ... . .. . . . .

- 0 ... ..... . ... .. . . . .

SHRREMARKSR ! i

'°" ' . ... -----i. - -- ... . . . . .._

W :' :- : - __ ____- _ ___ __ L . ! ::: :: .___ _. . .

,,, _ _ _ _ _ _ __- - ,

I, _"_"- -- -'- _ ----- - - ... . .. .

<r r t_____ __,__" ...... ,I -\- : . . . . . . .

NORMAL STRESS (a'), PSI C", ',

REMARKS "7,:- -. 0 .- ",/;;. .= ,..... . , - '

~ . -



SA A TE R A.. .. T o, SSG ,ECU,!ETU ,. C O : :? .C T:U, .' D

iTESTIXG ?~3LCN~lA~~ :vc~?1U2JN23AC
QOJECT a' STAE /

FiELD SAMPLE AQ LCCAT,CN -

GEOLOG:C CRhI" ESE A. 2.PPROvED BY A-

CLASS:FICATION (L L L /Pt I P 1 CURVE NO. / OF __ ___

MAX. PARTICLE SIZE INCLUDED IN TEST < " TD.IASM - r T 0{ MINUS NO. 4 . ' YCO.(AST.M D-I557 E__; M ,;. -
SPECIFIC GRAVITY ( ,G ) PLUS NO. 4_OTHER TEST C (SEE (Sr - '-AR

2 500 , , 
'.

2,:J 000 
! 

' 
.

."

~~7v -

.7

S , 
- ------

9L< oz .

t --- ..

S ' I ' . . . .. "i ICA---

(i i t 
J, ' ' ' ' , . *,t .( - " 2- -t:

2-i ,

1L 
_ __',: 

l-: -" - - -

o L 4 -

/ ---- + - _. .. . .T - _- .. .. __. __l__ _ . . .. _ . ..

C\T" 
...... 

",. . . -.... u r -- : -- - . . ... ' - __T. . , .. . .I _ _ _ _ _ _ _ _ . . .- -- -- - --- -- - - --- . n. t r- S - z- -. . . ..- : r ., . . ... . .



7!.u.. A...NT , A,ULRE COZ.Cl A-D LCNSA'

FICLO SAMP TOLE N. :L-.-PT L/ , V .

/O ./ - I --14
GEOLCGAC MRG~t TESr.ED AT APPROVED ay Z4

. - L C _ _ _ _ _ _ _ _ _ _ _ _ _ _

CLA SSIFICATION C L ICURVE INO. - ~ c;7_____

MAX. PARTICLE SiZE INCLUDED IN TEST < 4" I STD.(ASTM Z-695, 7,; >, ET.;,D .

r MINUS NO. 4 .400 ---.(ASTM 0-i55?2; METhCO
SPECIFIC GRAVITY (GS) PLUS ,O. 4 OPLSNO OTHER TEST _ (SEE RMRS

-- 2500

aoo .. ' ... .
z

_ _ _ _ _! . .. - - - - --,_-;-_ T "

z 000 ' 1...

!-I' '- I 4 -,-----. -
500i _ -

, 0----

/44- .;i - . • . 7_, - . _ -". , .

515

5 .._ 5 -, .. . . . I../ - - ,_ - -- ; ,.- .... .. .. .,...

o -- ,-- --i " .- .. I.... - --- - - - -

" / .r , , - ._

. V/04 ' .
.40.

o. // i , -f. . * .. . ..... .
---- .. ,0- -\ / _. ..,.- .. .. .

i- - -- -  .07

IT
~0

J# , .. , ~ - . i-- ... . . . .-- .-----.- ----.... ..-..-. - - ... .. . -

1 *_ _ .,., -'. . -

~ -4-



51 1TZ. S. D PARTM- T of AGU'k. CULTU a' tl .T. ,

TESTING "?-0-i T;5%0L CG " -V. 'O S'I'2I S . -' Z
PROACT c s T AT / / -

IELD SAMPLE NO. O,AT," :,." -

EOL . /= ORI, - - TS, EO AT APPROVt aY .-. .

CLASSIFICATION _ _ -- _LL I CURVE NO. 3 4-

MAX. PARTICLE SIZE iNCLUDE0 IN TEST K- STD. CASTM 0 - 6 S8) 2:; ~ A{MINUS NO. 4 Z.~ MO0.(AST" 0-1557)''; VH0_ ___

SPECIFIC GRAVITY (G5) PU O ______ TE ETC(E E4RS

2300.

2U 2000

S3500,

2 1000 
___

41 500 
___ _

a7.

IOO Aj _ _ _ . __ ,

* I i { _

:-01 ___ __,_ _,

,#; _____

00 . I - -- ._ :L: - -- - / .. - --- --- - .T ".. T _ ,--_ -..

' i I , _ . _ . _ _ - _ _+ _ _ _ _ _ ; _ -] p " : • , _ _ ____ _ ' _ __ ; , , .. . ,._, ., ._

*~'Q/ / 4

- - - r -L---/.. .. ' - - -  ' --I - - - -  - ' - - - -  .. I / ~

LL- 7

REMARKS,:' "'

lAt -; i ....<> - / - - _ ; _ - - . . . .. . .



.A7EI~A U. S.! DtflAfl"W'M of AGRICULTUR~E,, -

ITESTING RZ?OP .T SOI*L CCO"SEVAT3'r N~~C 52,, !"' 27,N77,-A-L.A
PRO.CCT cm~ S-.A7E

PICO. SAMPLE N. LOCATiON ;EP7, -

I E0L0GC OAIG.N% 
1
TE57EOAT APPAOVZD By DT

CLASSIFICATION CL LL 4.0 PI /7 CURVE NO. O

MAX. PARTICLE SIZE INCLUDED IN TEST j .. 2 ST(ASTM 0-698) Z; ~T~~
~MINUS NO. 4 _______ IMCD.(AST.. D-1557)E:; .~c____

SPCII GRVTY(3 PLUS NO. 4 ________ THER TEST C(SEEC R!AR.Sz

1 500 .~__ _ _ _

.tw ~
~~-i--+--I7--:7 ______7___________L____

10 _ _ _
0_ _ _ _ _ _ __ _ _ _

go 
L

JJ

0~
I..............._

LL.
_ ____0_

o' 

0 1

u "110 
-'

RE.-!A--R- -i -- -- - -



.Perm SCS 337

MATERIALS JU. S. DEPARTMENT of AGRICULTUREI SUMMI"IARY - SLOPE
fTESTING HIEPORTI SOIL CONSERVATION SEIVCE SAIIY AAYI
PN.4dCT end STA~TE O-F

METHGO OF ANA..YSAS ANALYZED AT . APPROVED By

FF

4U

1~ 2
0 0

0 ;V__ I4_____
oj;:- ') I0

I I q -

I .. .~ '.j

4 l

"'02.~Ijz~I
,.j

4<

-'Inj

0 N

z~V ki'

~ ,I~J 0~ x> Y-
0 *i".: ________________________'A_

cj7 ~ ,7



I 
I..

- - - - - - - - . - .*. - -. W6Z~hVc. 2' t/- ~ ~-Z/

-.-.-- i

, .

-
. \ /

- - U ~-- .--.. .

-. -~ . -
%~~/- -

- - - - -- - ---.--. -. - -- -. ---.- - -. -. .- -

/

I
* . I 

IiN>7 II

11.11111777

__-- 
N I

* I.

__

I - I

___ 'A

~'

I
%r~* '~

±45' *12



Sheet I e....f. UNITED STATES DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

DETAILED GEOLOGIC INVESTIGATION OF DAM SITES

GENERAL

stete ; a -county , Sec. 2 0 . T 5CN R "; wifterehtlingtn-apo o
Suiwatershed-_-Fund classw. - W - 1) -  Site number 0-2]. Site group I Structure class b

(FP-2. WP-1, etc.)

Investigated by XI 6
1 

S. .1-o-. r ,l Equipment used N-L 1,4 J='41) Date 6- 1 ,-6
(signature and title) b (Type, size, make, model, etc.)

SITE DATA
StabiLization, Sedimcnt.,

Drainage area size -2 sq. mi.. 33 3 acres. Type of structure DI 21" RC Purpose D)2tenticna z W

Direction of valley trend (downstream) 11 Maximum height of fill 15- feet. Length of fill 425 feet.

Estimated volume of compacted fill requed 201 yards

STORAGE ALLOCATION

Volume (ac. ft.) Surface Area (acres) Depth at Dam (feet)

Sediment YL5 T"- 16- 2R_______6 _

Floodwater h 3.5 . 20.0 32.3

SURFACE GEOLOGY AND PHYSIOGRAPHY

Physiographic description 1-10, River LoeSs HiLlS.r Topography ROin.i"t . Attitude of beds: Dip Strike_"_"__

Steepness of abutments: Left . percent' Right -.. 5 percent. Width of floodplain at centerline of dam 0 feet

4eneral geology of site: The Site iS located in the Hissouri River loess hills in rol.iz'., to

strozLv rolling tope-rap -, Tte undcr1jing bedrock is the Upocx Desmoinesixn Series

of the PennrLvnnian System and is characterizad as cyclic dznoits predominately

114mm eadsio



Form Sj.37, USOA.SCS

DETAILED GEOLOGIC INVESTIGATION OF DAM SITES

fEATURE.Centorline of D=i Principal Spilluay, Borrou Area
(Centedine of Dam, Principal Spillway, Emergency Spillway, the Stream Channel, Investigations for Drainage of Structure. Borrow Ares. Reservoir Basin. etc.j

DRILLING PROGRAM
Number of Samples Taken

Equipment Used Number of Holes Undisturbed Disturbed
Exploration Sampling (state type) Large Small

F1A4" 6 3 4 L. Bag

Sp.T 4 19 Jar

Tube 3 - 4 3 _ _ Shelby-,

Total 6 8 4 4 19

SUMMARY OF FINDINGS
(include only factual data)

The abutments are deep Loess classified CL belcw the developed soil prfile. In

test hole # 2 the loess was 30 feet deep and uwderiain with material classified as

a stiff CH. 'he cen-ral section of the foundation adjacent to the channel is described as

alluvium or a modified loess and is underlain with sand classified S? and SW at dcoth.s of

35 to 14 feet. The thickness of the sandy material rangcs from 3 to 6 fact. Lens of
material classified SI4 occurs in test holes 5 and 3A1. The weakest material in t--e fouaa-

tion is the alluxium which had a blow count of 2 fro= 15 to 16 fcot in test hole # 301.

The foundaticn of the principal spilluay is the alluvial material which had blow counts
MaZUUin from 2 to 5, The alluviua is undarLain with a stiff 11L descriied as an organic

silt. SP or SW material was found at depth in all test holes on the centerline of the

principal spillway. In test hole # 3At, the S? was underlain with stiff clay classified

CH. The emergency spillway cuts are shallou and wiLl be in the loess soil. The CuLl; at

the centerline is active and cuttih; into undisturued materiaL. There is sufficient

borrow available within 700 feet of the centerline of the fill.

I

1



For 1A-Serviceos*e nW

DETAILED GEOLOGIC INVESTIGATION OF DAM SITES10-59

Wo.llngton-

stet, .ISoui Caunt La±ayette wltelhelda4o Leon Subwatershod

Ste number C 21- Site group I Structure clast b inestigated bY Uu,. . Ed.=,onDs. ( -op. 6at 6
(signature andtitle)

INTERPRETATIONS AND CONCLUSIONS

The abutments are deep loess and present no goolo ;ic probLems. The b.oess below the
developed soil profile has sufficient clay content to be ciaz Xied (loj) CL. The
material in the central part of the £ounaation , uescribed as alluvium, between aproximate
centerline stations 4+UO and 5+50, is variacle in texture ana strern4th. The weakest
material in test hole # 3)l had a blow count of 2 and is intcpreted to extend beneath
the channel and to anroxi.mate centerLina station 5+0O. The underl: ing material described
an stiff organic silt externda to approximate ", the s=e distance. The albvi-am in test
hole # 4 to the right of the channel had bl o cvants of 6 in tha upper part ana ranjed
from 11 to 20 in the Lower part. The fowndation of the prinuipal spilluay is the soft
to medium alluvt~z which x tends to a diuth of about 15 feet. This is underlain with a
medium IML and the orianio silts, The 3II 3? and SW zateriai occurred consistently in all
test holes through the alluvium and at a relatively uniform elevation. The 5? material
in test hole # 304 was underlain uith a stiff clay and is azssued to underlie the sand
encountered in the other test holes, Undisturbed samples of the different materiaL3 were
taken in test hole # 301.

The channel is active at the centertine and to a £ foot overfall appro:=imately 50
feet upstream and has cut to undisturbed material. Above the cverfall the cnhanen
averages 2 feet Amp deep and 30 feet wide and ta= appro z,-ateLy 3 feet of soft silt and
debris in the bottom. The overfall is active and couia move tiough the foandation area
before construction time. Since emergency spil.,ay cuto are shalluw and in a Lwess soil,
it was not necessary to drill or sample.

Borrow are2o3 is a loess soil and will be the best source of material for the core.
Area 102 is high bottom or terrace allavium and clasified QL. ikcrrow area .I3 is
modern alluvium classified 14L and was soft and vot below 6 feet. Estimated amuAnts of
borrow availables

Hole No. Gu/!ds Topsoil Cu/yds C~oacted Fill

01 6o"o -
102 243 750o
103 -- 6000

Emergency Spillway 1250 1250
Total 85oo 14,750



APPENDIX D
HYDROLOGIC COMPUTATIONS



Note: Reproductions of Sheets I through 3 of 3 included in Appendix
D are the best possible from copy furnished by Soil Conservation
Service. Unreadable portions on the reproduced sheets are also
unreadable on sheets from which the copies were made.
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HYDROLOGI C COMPUTATIONS

I. The Mockes dimensionless standard curvalinear unit hydrograph and
the SCS TR-20 program were used to develop the inflow hydrographs
(see Plate Dl). The inflow hydrograph for the 100-year flood was
also generated by the consultant using the TR-20 program.

a. Six-hour, twelve-hour, and twenty-four hour 100-year rainfall
for the dam location was taken from NOAA Technical Paper 40.
The 24-hour probable maximum precipitation was taken from the
curves of Hydrometeorological Report No. 33 and current Corps
of Engineers and St. Louis District policy and guidance for
hydraulics and hydrology.

b. Drainage area = 0.52 square mile; 333 acres (SCS).

c. Time of concentration of runoff = 20 minutes (SCS).

d. The antecedent storm conditions were heavy rainfall and low
temperatures which occurred on the previous 5 days (SCS
AMCIII). The initial pool elevation was assumed at the crest
of the principal spillway.

e. The total 24-hour storm duration losses for the 100-year
storm were 1.77 inches. The total losses for the 24-hour
duration 1/2 PMF storm were 1.96 inches. The total losses
for the PMF storm were 2.05 inches. These data were based on
use of soils group B; pasture/range and row crop weighted to
produce SCS input runoff curve No. 70 from SCS AMCII converted
by TR-20 to computed curve No. 85 SCS AMCIII.

f. Average soil loss rates = 0.05 inch per hour approximately.

2. The drop inlet and conduit discharge ratings were developed using
standard formulas and criteria from SCS publication design manual
EWP-5 taken from Corps of Engineers publication, "Hydraulic Char-
acteristics of Reservoir Outlet Works". The emergency spillway
rating was developed using the SCS emergency spillway computer
program "RESIN"; the results compared closely with data shown on
the SCS as-built plans. The flows over the 3da crest were based
on the broad-crested weir equation Q = CLH 3/2 where H is the
head on the dam crest; the coefficient C, which varies with head,
was taken from the USGS publication "TWRI, Book 3, Chapter 5,
Measurement of Peak Discharge at Dams by Indirect Methods" (C valued
varies from 2.52 to 3.00). Sample calculations are attached.

3. Floods were routed through the reservoir using the TR-20 program to
determine the capabilities of the spillways and dam embankment crest.
The unit hydrograph computation duration interval is computed as 0.17TC
by the TR-20 computer program. Copies of the input-output data
from the TR-20 program used to develop the hydrographs for the PMF,
0.5 PMF, and 100-year flood are attached. The storm rainfall patterns,
inflow hydrographs and routed outflow hydrographs are shown on Plate Dl.
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